This paper provides empirical evidence on the product cycle and the firm's make-or-buy decision by using a firm-level data set with a direct measure of foreign outsourcing. Across industries, foreign outsourcing tends to be inactive in R&D-intensive industries. Within each industry, products exported from the home country are on average significantly more R&D intensive than those outsourced to independent foreign firms. Products manufactured within subsidiaries at South tend to have medium R&D intensity. This ordering in R&D intensity is consistent with the theoretical prediction.
Introduction
The product cycle theory, originated in Vernon (1966) , suggests that the production location shifts from industrialized North to low-wage South as the products become less R&D intensive. Antràs (2005) adds the organizational dimension to this hypothesis by considering incomplete contracts, where outsourcing (contracted out to independent foreign subcontractors) is distinguished from insourcing (performed within multinationals by integrated subsidiaries) in Southern manufacturing. He predicts that "manufacturing is shifted abroad first within firm boundaries, and only at a later stage to independent foreign firms" (p.1054). However, as far as the author knows, the outsourcing across borders has not been investigated in previous empirical studies on the product cycle. As surveyed by Deardorff (1984) and Antràs (2005) , previous research has been focusing either on exports or multinational's technology transfers. This paper provides rare firm-level empirical evidence on the relationship between R&D intensity and product cycles, which are identified not only by export, offshore production within subsidiaries but also by foreign outsourcing, for all manufacturing industries in Japan.
The rest of this paper is organized as follows. Section 2 describes the data. The variations across industries are displayed in Section 3. The intra-industry, inter-firm variations are reported in Section 4. Concluding remarks are added in Section 5.
Description of data
The data used for this paper are derived from The Basic Survey of Commercial and Manufacturing Structure and Activity (Sho-Kogyo Jittai Kihon Chosa in Japanese).
1 The survey covers 118,300 firms in all manufacturing industries without any firm-size threshold. Thus, this survey is a reliable representation of the entire Japanese manufacturing. 2 As the survey was conducted only once at 1998, the data set is in a cross-section format.
As the unique and direct measure for foreign outsourcing, the survey asks sampled firms whether they contract out manufacturing/processing tasks to firms located overseas. 3 The foreign outsourcing thus defined is explicitly distinguished from domestic outsourcing. Furthermore, the concentration on manufacturing/processing, excluding non-production services, in defining outsourcing is appropriate for discussing product cycle. The survey also contains a range of corporate variables, such as sales, employees, capital, R&D expenditure, patents, exports, and foreign subsidiaries.
Inter-industry comparison
Based on published aggregate statistics of this survey, Figure 1 plots two-digit industries. The percentage R&D-sales ratio is on the horizontal axis. The vertical axis measures the number of foreign outsourcing firms relative to the number of exporters, as the firms exporting products manufactured in the home country are supposed to be at an earlier stage in the product cycle.
As demonstrated in Figure 1 , R&D-intensive industries, such as chemical and machinery industries, are relatively inactive in foreign outsourcing, while industries actively outsourcing abroad, such as apparel, tend to spend limited expenditure on R&D. This finding constitutes preliminary evidence favorable for the new product cycle theory. As intra-industry variations cannot be ignored, however, the next section investigates inter-firm comparisons.
Inter-firm comparison
By exploiting micro data, R&D intensity is compared across different product cycles. While the product cycle is originally defined for each product, the micro analysis of this paper is at the firm level because product-specific data within individual firms are not available even when they manufacture multiple products. The regression results are reported in Table 1 .
In the first two columns, the dependent variable is the percentage of R&D expenditure in sales. Though this measure is commonly used, we normally compare current vs. past R&D activities in discussing the product cycle. To capture this implication in our cross-section data, the columns (3) and (4) normalize R&D expenditure by the number of patents, since the denominator is likely to reflect the cumulative R&D in the past.
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Included on the right-hand side of the regressions are the following three dummies corresponding to the product cycle: (a) North (exporting 6 from Japan or producing within offshore subsidiaries 7 located at North), (b) In-South (producing within subsidiaries at South), and (c) F. Out (outsourcing to foreign suppliers). Since offshore subsidiaries of Japanese manufactures are predominantly located in Asia, U.S., or Europe, and since the survey contains no more detailed geographical disaggregation than Asia vs. the rest of the world (ROW), this paper interprets Asia as South and ROW as North. The baseline for comparisons is the firms involved in none of these global business activities.
While Vernon (1966) originally categorized offshore production as the second stage in the product cycle for the U.S. in his time, this paper combines exporters with firms producing in Northern subsidiaries, since Japanese firms producing in other advanced countries (U.S. or Europe) are likely to be similarly R&D-active as firms producing exports in Japan. Besides, since FDI in North tends to be motivated by the proximity to markets rather than by low production costs, and since technologies used for production within subsidiaries are presumably well protected in North, the firms producing within subsidiaries at North should not be on average less R&D active than exporters.
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In addition to the product cycle dummies, the columns (2) and (4) also include (a) industry dummies at the most detailed 3-digit level, (b) firm size in sales, and (c) the firm's capital-labor ratio, to control for variations in R&D intensity.
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In all cases in Table 1 , foreign outsourcers are significantly less R&D intensive than the firms exporting from domestic plants or producing within subsidiaries at North. The firms producing within subsidiaries at South tend to have medium R&D intensity. The average R&D-sales ratio in the initial stage of the product cycle (North) is more than three-percentage point higher than that in the outsourcing stage. The gap across product cycles is more substantial in the comparison of R&D-patent ratio. Furthermore, this ordering is basically robust even after controlling for industry, firm size, and capital-labor ratio. Consequently, these firm-level findings are consistent with the product cycle theory by Antràs (2005) . Antràs (2005) offers a theoretical prediction on the location as well as on the make-or-buy decision in the product cycle. This paper uses micro data covering all manufacturing industries in Japan to evaluate its empirical relevance. This paper has found that the ordering of R&D intensity across product cycles is consistent with the theory. However, for a strict test in the future, one will need more detailed information, such as longitudinal product-specific data on foreign outsourcing. Notes) The vertical axis is in terms of the number of firms within each industry. All 2-digit manufacturing industries are plotted. 
Concluding remarks

